Step-by-step, time-consuming scanning of the sample is still the state-of-the-art in imaging Raman spectroscopy. Even for a few 100 image points the measurement time may add up to minutes or hours. A radical decrease in measurement time can be achieved by applying multiplex spectrographs coupled to imaging fiber bundles that are successfully used in astronomy. For optimal use of the scarce and expensive observation time at astronomical observatories, special high-performance spectrograph systems were developed. They are designed for recording thousands of spatially resolved spectra of a two-dimensional image field within one single exposure. Transferring this technology to imaging Raman spectroscopy allows a considerably faster acquisition of chemical maps. Currently, an imaging field of up to 1 cm 2 can be investigated. For porcine skin the required measurement time is less than 1 min. For this reason, this technique is of particular interest for medical diagnostics, e.g., the identification of potentially cancerous abnormalities of skin tissue.
Introduction
When monochromatic light impinges on a sample, the inelastically scattered light is wavelength shifted (Raman effect). The shift contains information about the vibration states of the impinged molecules and any crystal structures. Raman spectra are fingerprints, which allow a contact-and label-free identification of chemical structures. The underlying physical effect was already discovered in 1928 by Chandrasekhara Venkata Raman. Unfortunately, Raman lines are extremely faint (only a fraction of 1 × 10 −7 of the scattered light is Raman scattering). For this reason, the number of practical applications of Raman spectroscopy was for a long time rather limited. However, based on considerable progress in laser and detector technologies, the situation has changed completely. In particular, in the fields of medical diagnostics and life sciences, Raman microscopes have become more and more common. In contrast to the traditional infrared absorption spectroscopy, Raman spectroscopy is not impeded by the infrared light absorption of water. Raman lines appear relative to the laser excitation wavelength. When using excitation light at visible wavelengths, the Raman lines always appear in a range where the absorption of water is negligibly small. The Raman activity of water is also small. Moreover, in the majority of cases the spectral positions of water Raman signals are outside of the region of interest. Thus, Raman spectroscopy works well in aqueous environments. This turns out to be a key advantage with regard to biological samples. Reviews of methods and applications of Raman imaging are given in Opilik et al. (2013) and Stewart et al. (2012) . In the field of medical diagnostics, imaging Raman spectroscopy is a promising technique for identifying cancerous parts of tissue (Reble et al., 2014; Zhao et al., 2015) . A Raman microscope with a special design for the examination of skin in vivo on the patient is already commercially available (gen2-SCA Raman system for in vivo skin analysis. RiverD International B.V., Rotterdam, the Netherlands, http://www.riverd.com, last access 18 May 2016).
However, like common Raman microscopes, this instrument can only detect Raman scattering arising from a single
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spot with a diameter in the range of micrometers. By contrast, the diagnostics of potentially cancerous skin areas must be performed in the range of at least some square millimeters. Standard point-by-point scanning is time-consuming. Even for an image being composed of some 100 pixels, the measurement time can exceed 1 h. For examination at a patient or for fast-changing samples, this time span is far too long to be practical. To accelerate the measuring procedure, various techniques for a parallel data collection are described (Li et al., 2013; Hagen et al., 2012) . Of particular interest are full-throughput snapshot techniques, also called multichannel or integral field spectroscopy (IFS). They work without any tuning procedures and fundamentally sacrifice no light during the recording procedure. In the field of astronomy, multi-channel spectroscopy techniques have been developed since more than 3 decades ago (Vanderriest, 1980) to record images of faint galaxies that are both spatially and spectrally resolved, and that are obtained with one single exposure. By avoiding any scanning procedure, the expensive observation time at large telescopes is thus utilized more efficiently. A review of the breakthrough obtained with this technique can be found in . The currently most powerful spectrograph, MUSE (Multi-Unit Spectroscopic Explorer, Bacon et al., 2004 , http://www.eso.org/sci/facilities/ paranal/instruments/muse.html, last access on 18 May 2016), was commissioned at the Very Large Telescope observatory in Paranal, Chile, in spring 2014.
MUSE consists of 24 connected spectrograph modules and is capable of acquiring an image field of the sky with a size of 1 arcmin 2 , a sampling of 0.2 × 0.2 arsec 2 , i.e., a total number of 90 000 spatial elements ("spaxels"), and a depth of 4000 spectral bins within one single exposure. From every single spaxel the entire spectrum from 465 to 930 nm can be recorded at a spectral resolution of 0.25 nm. As part of a technology transfer project, a 25th MUSE spectrograph module was procured and installed in an AIP laboratory (Roth et al., 2012) . The aim of the project is to investigate the suitability of fiber-coupled IFS for the identification of skin abnormalities including cancerous areas by means of imaging Raman spectroscopy. With regard to patient friendliness, the measurement times should be kept as short as possible.
Materials and methods

Fiber bundle-coupled astronomy spectrograph
The basic idea of IFS is slicing a two-dimensional image into single stripes and assembling them longitudinally in front of the entrance slit of a spectrograph (Allington-Smith, 2006) . Amongst other techniques, this can be performed by an image slicer, i.e., a mirror stack followed by a recombining optic, or by use of a fiber bundle. Fiber bundle-coupled IFS is also called FAST (fiber array spectral translation, Stewart et al., 2012) or FRIS (fiber-reformatting imaging spectroscopy, Hagen et al., 2012) . Figure 1 describes the concept. At the Figure 1 . Function principle of fiber bundle-coupled IFS. The image of the sample (red and green semi-circles) is focused on the fiber matrix of the image acquisition head. At the spectrograph side, the fibers are arranged in a one-dimensional row. After passing a spectral disperser (e.g., a volume phase holographic grating, VPHG), every fiber produces an individual intensity-and spectrum-dependent light trace at the CCD chip. The raw signal of the CCD is evaluated by software and converted into a data cube that contains the entire spectral and spatial information.
sample side, the image of the investigated object, which may also be a Raman or fluorescence image, is focused at the surface of a two-dimensional fiber array. The fibers collect the signal of the image. At the spectrograph side, the fibers of the bundle are arranged in one row forming a pseudo slit for the spectrograph. The signals emerging from each fiber are collimated, pass through a dispersive element, and finally form spectrally dispersed light traces on a charge-coupled device (CCD) chip. Data reduction software extracts and calibrates the CCD raw signal and finally produces a data cube that contains the entire spectral and spatial information. The setup works in essence as if every single fiber were connected to an individual single-channel spectrograph.
The employed astronomy spectrograph and the fiber bundle were presented previously (Schmälzlin et al., 2014) . In brief: the MUSE spectrograph unit is a high-performance fully refractive optical system that covers a spectral range from 465 to 930 nm with about 0.25 nm resolution. The size of one unit including the CCD camera housing is approximately 0.6 m × 1.9 m × 0.6 m. It comprises a volume phase holographic grating (VPHG) and a liquid-nitrogen cooled 4 K × 4 K pixel CCD detector system. The VPGH, consisting of a phase-modulating dichromatic gelatin layer that is sealed between two glass plates, shows up to 80 % diffraction efficiency and minimally scattered light over the whole spectral range. p3d, an open-source data reduction and analysis software (http://p3d.sourceforge.net/, last access 18 May 2016) that was initially developed for astronomical purposes (Sandin at al., 2010) , has been customized for that project to calculate the spectra from the raw CCD image and to correlate them with the source position at the two-dimensional fiber array. Finally, a data cube is generated, which contains all spectral and spatial information for further data processing. The fiber bundle contains 400 step index multimode fibers (110 µm core), forming a 20 × 20 matrix at the image acquisition side (Fig. 2) . Hence, a spectrally resolved square image composed of 400 pixels can be recorded within one single exposure. The pitch between the fiber core centers is 0.5 mm, which is an acceptable tradeoff between resolution and crosstalk with regard to the scattering properties of skin samples.
Optics for the acquisition of large-area Raman images
The use of fiber bundle coupled IFS for imaging Raman spectroscopy was already reported (Ma and Ben-Amotz, 1997; Okuno and Hamaguchi, 2010; Roth et al., 2012; Stewart et al., 2012; Schmälzlin et al., 2014 Schmälzlin et al., , 2015 Brückner et al., 2015) . However, previous setups were designed to examine samples with microscopic dimension, e.g., cells or tiny crystal fragments. Here, we present a setup that is capable of acquiring Raman images from samples with a size of up to 1 cm 2 , which is the typical size of potentially cancerous skin patches (Reble et al., 2014) . Two optic setups were developed. Acquisition optics 1 (AO1) allows recording of Raman images from square surfaces with 3.6 mm edge length. Acquisition optics 2 (AO2) is even suitable for a square area with 1 cm edge length. In order to receive large-area Raman images within one single exposure and without scanning, it is favorable to illuminate the whole area of interest as uniformly as possible with the excitation laser. This was performed by feeding the laser light with a square core fiber (F&T Fibers and Technology GmbH, Germany, VIS-IR, square core with 600 µm edge length). Highly multimode square core fibers, which have been designed initially for laser material processing, shape the incoming Gaussianlike beam to a top-hat intensity distribution (Brückner et al., 2015) . Figure 3 shows the resulting square and uniform excitation light spot generated by AO1 at a millimeter-scaled paper. The spot is somewhat larger than the actual image field of the sample to exclude the effect of possible intensity inequalities at the spot's borders. Figure 4 shows a schematic drawing and a photo of AO1. The excitation laser light (785 nm) is fed via the square core glass fiber, passes a collimator and a 785 nm clean-up filter (Edmund Optics) and is finally guided to the sample by use of a 45 • dichroic mirror (Semrock, Di02-R785-25x36) that is transparent for Stokes-shifted Raman signals. An achromatic doublet (f = 50 mm) focuses the laser light on the sample and collects the Raman scattering. A further dichroic mirror (755 nm long pass, Semrock, USA, FF757-Di01-25x36) takes visible light from the sample and guides it to a camera that is used to position and focus the sample. A 785 nm long pass filter (Semrock, USA, BLP01-785R-25) blocks the excitation laser light and the Rayleigh scattering. A further achromatic doublet (f = 125 mm, NA ≈ 0.1) focuses the image of the sample, strictly speaking the arising Raman signals, onto the surface of the fiber matrix. For convenient positioning of the sample, an XY stage linked to a micrometer lifting table was used. The measurement head was mounted below the opening of the stage plate.
A weak point in the design of AO1 is the poor coupling efficiency at the side of the fiber matrix. The fiber matrix has an area of 100 mm 2 ; however, only 4 mm 2 consist of fiber cores. To improve the situation, a further optic unit (AO2) with a first microlens array (MLA; Advanced Microoptic Systems, Germany, APO-Q-P500(D500)-AR0.58) in front of the fiber matrix was designed. The MLA consists of 24 × 24 photolithographical-manufactured, fused silica microlenses with 1.3 mm focus lengths, 0.5 mm pitch, and 0.5 mm lens diameters. The clear aperture of each lens is 0.45 mm, resulting in a fill factor of 65 %. The flat side of the MLA points towards the fiber matrix; 20 × 20 lenses are actively used to focus the signal into the fiber cores and to reduce losses at blind areas of the fiber matrix. Figure 5 shows a schematic drawing of AO2. A second MLA of the same type was used to increase the image field at the sample side to 10 mm × 10 mm, which was an important objective for a future skin cancer detection application.
The flat side of the second MLA points towards the sample. Figure 6 shows the excitation laser spots at a millimeter scaled paper. A pair of relay lenses guides the Raman signal from the second to the first MLA. Although the realization of AO2 is still preliminary, first test measurements with AO2 could be performed successfully.
For biological samples, a vessel with a calcium fluoride bottom is available (Fig. 8) . Raman grade calcium fluoride is a suitable slide material since it generates a low background signal.
Laser source
As a light source, a fiber-coupled dual laser light source (Newport, USA, LS-2-7878-FC) that contains two switchable diode lasers with 784.5 and 785.5 nm was used. The maximum output power of each laser is 500 mW; however, the laser power was normally aligned to 230 mW measured in the sample plane of AO1. This corresponds to a power density of 14 mW mm −2 in the case of a uniformly illumi- nated square with 4.1 mm side length. An estimation of the power density at the sample plane of AO2 is done as follows: at a 100 mm 2 sample field, i.e., in the field of 400 spots, a total laser power of 243 mW is measured. According to calculations (Zemax LLC, USA, Opticstudio), the predicted diameter of one single laser spot under perfect alignment conditions is 0.01 mm. The actual value is roughly 0.05 mm. Thus, 400 spots illuminate a total area of 0.8 mm 2 , resulting in about 300 mW mm −2 power density within a spot. Taking into account the 65 % fill factor of the MLA, i.e., excluding the light amount passing between the individual lenses, the power density is reduced to 195 mW mm −2 . It is worth noting that common single channel Raman microscopes work with far higher power densities. For instance, the microscope used in Reble et al. (2014) applies 70 mW to a circular spot with 0.16 mm diameter, which corresponds to 3.5 W mm −2 .
SERDS measurements
The elimination of background fluorescence is a challenge in the field of Raman spectroscopy. In principle, an increase of the excitation wavelength helps to reduce background fluorescence. However, Raman scattering intensity also decreases, since it depends on the fourth power of the excitation frequency. The 785 nm excitation wavelength is often used for organic samples, since it is an acceptable tradeoff between fluorescence and Raman intensity. Furthermore, a wide range of detectors, lasers, and optical filters is available for this wavelength. Nevertheless, the amount of fluorescence may exceed the Raman signal intensity by several orders of magnitude. Various methods are described to remove the fluorescence background (Wei et al., 2015) . Most common are post-processing computational methods, e.g., polynomial fitting and subsequent subtracting of the background. A more advanced background removal method is shifted excitation Raman difference spectroscopy (SERDS; Sowoidnich and Kronfeldt, 2012) . It is based on the fact that Raman signals always appear relative to the excitation laser wavelength, but fluorescence emission occurs at fixed wavelengths. For SERDS, the Raman spectra of a sample are recorded twice with two slightly different excitation wavelengths (here 784.5 and 785.5 nm, respectively) followed by the application of an appropriate subtraction and transformation procedure. Finally, background-free Raman spectra are reconstructed. The used algorithm is shown in Schmidt et al. (2014) .
Samples
The capability of the described setups was demonstrated with the following samples: the Aspirin Effect pain reliever, a piece of silicon, a EUR 10 bank bill, the cut face of a porcine ear, porcine skin, and a piece of brown sugar dissolving in water.
Result and discussions
Aspirin Effect
Aspirin Effect (Bayer Bitterfeld GmbH, Germany) is a pain reliever tablet consisting of rod-like granules with about 1 mm length and relatively unshaped fragments. According to the package information sheet, it contains the active agent acetylsalicylic acid, D mannitol, sodium hydrogen carbonate, sodium dihydrogen citrate, ascorbic acid, citric acid, flavors, and the aspartame sweetener. A small spatula tip of a granule was put on a 1 mm thick calcium fluoride slide and placed on the XY stage over AO1. The Raman spectra were recorded at 784.5 and 785.5 nm excitation wavelength. The measurement times were 1 s for each wavelength. The readout time of the full CCD chip was chosen to be 10 s, which is the shortest possible without binning. Thus, the effective measurement time for a complete data set was 22 s. For all further experiments a 10 s read-out time was chosen as well. Figure 7 shows the camera image, the SERDS spectra at two picked positions and the Raman image. The Raman image illustrates the intensity distribution of the Raman signal at 1606 cm −1 that is characteristic of acetylsalicylic acid. Obviously, the acetylsalicylic acid agent is present in the form of the fine powder. The rod-like granules contain no active agent. Silicon all silicon plate with 0.66 mm thickness is used for testing AO2 and a comparison with AO1. Pure silicon shows one le Raman signal around 520 cm -1 (Parker, 1967) . To determine the optimal distance from the surface of the microlens y, the silicon plate was put in a tilted position on the top of AO2. Figure 8 left shows the silicon plate in front of the rolens array. At the upper right, the silicon plate touches the head of a turned screw. At this point of support the distance the MLA surface is d1 = 1.9 mm. At the lower left, the silicon plate touches the corner MLA surface (d0 = 0 mm). Figure 8 t shows the intensity distribution of the silicon Raman peak at 522 cm -1 . The Raman spectra are recorded at 784.5 nm for . The rolling circle method (Brandt, 2006) was applied to remove fluorescence background arising from the optics. rresponding SERDS spectra at the positions  and  (1 s recording time per laser).
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Silicon
A small silicon plate with 0.66 mm thickness is used for testing AO2 and a comparison with AO1. Pure silicon shows one single Raman signal around 520 cm −1 (Parker, 1967) . To determine the optimal distance from the surface of the microlens array, the silicon plate was put in a tilted position on the top of AO2. Figure 8 left shows the silicon plate in front of the microlens array. At the upper right, the silicon plate touches the head of a turned screw. At this point of support the distance from the MLA surface is d 1 = 1.9 mm. At the lower left, the silicon plate touches the corner MLA surface (d 0 = 0 mm). Figure 8 right shows the intensity distribution of the silicon Raman peak at 522 cm −1 . The Raman spectra are recorded at 784.5 nm for 20 s. The rolling circle method (Brandt et al., 2006) was applied to remove fluorescence background arising from the optics. Obviously, pixels located at the borders are effected by vignetting. The microlens rows at the right and the lower borders are close to the contact area of the holder plate. The given cutting lines of the MLA and the limited adjustment possibilities of AO2 did not allow for a more favorable position. Furthermore, the visual impression of the image of the laser spots (Fig. 8) suggests that the excitation intensities are somewhat lower at the border lines. Apart from this limitation the shape of the silicon piece is reproduced very well. Around the spatial position (X/Y ) = (6/8) there is an obvious distance-dependent signal maximum of about 3000 counts per pixel. The maximum position was transferred to camera picture and the distances to the two support points were measured. Triangulation yields a distance of d focus = 0.8 mm that points to the highest signal intensity. The experiment was repeated by using Raman grade calcium fluoride windows with thicknesses of 0.6, 0.7, 0.8 and 1.0 mm, respectively. The windows were placed as distance holders between the MLA and the silicon plate. The maximum average Raman signal intensity of the silicon piece was detected when using a 0.8 mm window. Computer simulations of the AO2 setup (Zemax LLC, USA, Opticstudio) predict an optimal distance of 0.6 mm in the case of an air gap between MLA surface and sample and 1.0 mm using a calcium fluoride window as spacer. The differences from the experiment values are likely due to adjustment deficits of AO2. Simulations show that the focus at the sample side depends much on the fine adjustment of the distal MLA. However, a precise alignment in the micrometer range and an accurate control of the actual positions of the optical components cannot be realized with the current AO2 setup. For comparison, the silicon plate was also examined with AO1. The silicon plate was positioned at the focal plane of AO1 and the Raman spectra were recorded with an excitation wavelength of 784.5 nm and an exposure time of 20 s. The settings of the diode laser unit were the same as for the measurement with AO2. The average intensity of the Raman signal achieved with AO1 was 1000 counts per pixel. Thus, the MLA-based AO2 provides 3 times more counts per pixel than AO1. To estimate the amount of improvement, the following considerations were made: the image field sizes captured with one single fiber of the array are 13 mm 2 /400 × 0.04 = 1.3 × 10 −3 mm 2 in the case of AO1 (taking into account that without an MLA only 4 % of the projected signal couples into the fibers of the matrix; see J. Sens. Sens. Syst., 5, 261-271, 2016
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Furthermore, the two MLAs do not have antireflection coatings. Back reflections at four surfaces reduce the expectable counts per pixel to 13 000 ×(0.96) 4 = 11 000. The real AO2 provides 3000 counts per pixel. This implies that in theory AO2 could be approximately even 4 times better. The difference is most likely due to the limited imaging qualities of the MLAs and the suboptimal alignment of AO2. It should be emphasized that the current version of AO2 is still a laboratory sample, the optical components of which are difficult to align in a micrometer range.
EUR 10 bank bill
A EUR 10 bank bill was placed on a 1 mm thick calcium fluoride slide and fixed on the XY stage over AO1. A part of the letter "E" of the inscription "EURO" on the front side is focused. Figure 9 shows the camera image, the Raman image, and the SERDS spectra at two positions. One position , which corresponds to the distribution Corresponding SERDS spectra at the positions  and  (1 s recording time per l
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A small silicon plate with 0.66 mm thickness is used for testing AO2 and a comparison with AO1. Pure silicon show single Raman signal around 520 cm -1 (Parker, 1967) . To determine the optimal distance from the surface of the mic array, the silicon plate was put in a tilted position on the top of AO2. did not allow for a more favorable position. Furthermore, the visual impression of the image of the laser spots (Fig  15 outside of the "E". The intensity of the line at 1576 cm −1 seems to be characteristic of the printing ink of the "E" and was used to generate the pseudo color Raman image.
For comparison, the measurement was also performed with MLA-based AO2. The part of the bill with the writing "EURO" was placed over the sample-side MLA. A Raman grade calcium fluoride window was used as a spacer. Its thickness was 0.7 mm; thus, the focus layer of the excitation light was just outside the window body. The measurement was performed with only one laser (784.5 cm −1 ). Hence, no SERDS spectra were evaluated. The fluorescence background was removed by means of the rolling circle method Figure 11 . Porcine ear with the cut face down at the calcium fluoride plate of the Raman sample chamber. (Brandt et al., 2006) . The Raman spectra of the letter "E" received with AO1 at 784.5 cm −1 previously were likewise background-corrected with the rolling circle method. The measurement time was 10 s in both cases. The power output of the laser was not altered when changing from AO1 to AO2. Figure 10 shows the results. The pseudo color Raman images show the letters "EU" recorded with AO2 and the part of the "E" recorded with AO1 related to the intensity of the highest Raman peak of the printing ink at 1576 cm −1 . Applying the SERDS algorithm leads to arbitrary units, whereas the rolling circle method retains "counts" as a unit. Thus, the intensity scales in Figs. 9 and 10 are different. The white square at (18/3) is due to a broken fiber of the bundle. The Fig. 10 bottom shows the corresponding Raman spectra. The blue curve corresponds to AO1, the red one to AO2. The curves are the averages received from the Raman spectra of, respectively, six individual pixels. The average was taken to reduce the noise. The used pixels marked by rectangles are plotted into the pseudo color images.
AO2 provides about 10 % higher intensity per pixel than AO1. Indeed, the MLAs of AO2 improve the signal strength. However, the gain is much lower than for the silicon plate (see Sect. 3.2) . This is likely due to the comparatively high scattering of the paper. The scattering of the paper increases the diameters of the excitation laser spots (Fig. 6) . Due to the 65 % fill factor of the MLA, Raman signals arising from the borders of the laser spots that are increased by scattering samples are not collimated. Furthermore, using a calcium fluoride window affects the light path and thus the alignment conditions of all optical components. Possibly, the thin bill was not exactly in the focus plane.
Cut surface of a porcine ear
From a fresh porcine ear, i.e., the ear was not scalded after slaughtering, the upper part was cut with a scalpel and placed Corresponding SERDS spectra at the positions  and  (1 s recording time per laser).
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Silicon 5
A small silicon plate with 0.66 mm thickness is used for testing AO2 and a comparison with single Raman signal around 520 cm -1 (Parker, 1967) . To determine the optimal distance from array, the silicon plate was put in a tilted position on the top of AO2. face down at the calcium fluoride bottom of a specimen vessel (Fig. 11) . The cut face was centered and focused. The Raman spectra were recorded at 784.5 and 785.5 nm exci- tation wavelengths for 60 s each. In the middle of the cross section there is obviously chondral tissue. The camera image (Fig. 12) shows it as a 3 mm broad and light vertical stripe that is slightly tilted (region between the dotted lines). Around the (X/Y ) positions (7/10) and (9/7) there are reddish spots and at (16/3) there is a dark spot (marked by the dotted circle in the camera image). The position of the chondral tissue as well as those of the reddish and dark spots were retrieved within the Raman image that corresponds to the intensities at 1303 cm −1 (lipid band).
Porcine skin
A piece of porcine skin is placed with the surface down on the 1 mm calcium fluoride slide and focused. Porcine skin is morphologically similar to human skin (Darvin et al., 2014; Tfaili et al., 2012) , and shall be used as a model system to optimize the spectrograph with regard to future human skin cancer diagnostics. To avoid drying of the skin, some water was supplied on the slide and the specimen vessel closed with a lid. The Raman spectra were recorded at 784.5 and 785.5 nm excitation wavelengths for 60 s each. The results are shown in Fig. 13 . The Raman image was generated by using the Raman intensity at 1455 cm −1 (CH 2 bending vibrations of proteins). The structures that are visible in the camera image also find themselves in the Raman image in detail. The pigmented spot in the upper right corner as well as the obviously somewhat dirty hair that passes diagonally the upper right quadrant of the image field are very visible. The weak pigmented spots at (3/15) and (13/5) are also identifiable in the Raman image. The obtained Raman spectra are similar, with Raman spectra of porcine skin obtained using another Raman microscope (Zhu et al., 2015) .
Piece of brown sugar
With regard to future real-time Raman imaging of samples that change over time, a software script was applied that allows automatic recording of Raman spectra sequences. As a model system, the dissolution of a piece of brown sugar in water was chosen. The sugar was put into a water-filled dish at the top of AO2 and the Raman measurements were started. For each frame, the recording time was 10 s, followed by 10 s read-out time. Thus, the effective temporal resolution was 20 s. To track the dissolving process of the sugar in quasi real time, a total number of 60 frames was recorded. Figure 14 shows the situation at 0, 390 and 780 s. At the top Raman and camera images, at the bottom the corresponding Raman spectra at the spatial position (X/Y ) = (7/8) are displayed. The rolling circle method (Brandt et al., 2006) was applied to remove background. The spectra reveal that the sugar piece consists of sucrose (Brizuela et al., 2012) . The pseudo color plots illustrate the intensity of the strongest Raman signal at 850 cm −1 (CH 2 twisting). The Raman images perfectly match the shape and position of the sugar piece shown at the camera images.
The bottleneck with regard to the temporal resolution is the long read-out time of the CCD chip. Unfortunately the available camera system always requires an entire read-out of the CCD chip. However, a new camera system that allows one to define custom read-out regions and thus shorter down times is currently under construction. the fill spectral and spatial information were 120 s (cut face of porcine ear and porcine skin), 20 s (silicon and EUR 10 bill), 10 s (sugar) and 2 s (Aspirin Effect), which corresponds to 300, 50, 25, and 5 ms, respectively, per pixel. The readout time of the CCD chip was 10 s. To receive backgroundfree Raman spectra via SERDS, two successive exposures and read-outs are required. The pseudo color Raman images display the intensities of selected bands of the Raman spectra at the corresponding spatial positions. Even with this quite ordinary analysis method, high-contrast Raman images are gained that correspond well to the structures shown by the camera. The results show great promise for being able to identify cancerous tissue in a next step by using differential analysis. 
